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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN light-emitting 
element, having low contact resistivity of an n-type electrode and 
low threshold voltage or threshold current. 
SOLUTION: A GaN light-emitting element comprises an n-type 
GaN substrate 3002, a plurality of GaN compound semiconductor 
layers 3003-3010 formed on the substrate 3002, and an n-type 
electrode 3001 and a p-type electrode 301 1 formed on the 
substrate 3002, the n-type electrode 3001 is formed on the 
nitrogen termination surface of the substrate 3002, the n-type 
impurity concentration in the substrate 3002 varies in the 
thickness direction of the substrate 3002, the substrate 3002 is 
composed of a first portion 3002a, which forms the nitrogen 
termination surface and has a first mean n-type impurity 
concentration and a second portion 3002b, which has a second 
mean n-type impurity concentration which is lower than that of 
the first mean n-type impurity concentration, the first mean n- 
type impurity concentration is 3 x 101 18 cm-3 or more and the 
second mean n-type impurity concentration is 3 x 1018 cm-3 or 
less. 
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(54) [SeWtoZm] I I I -N#fc£»aNWfcg« 



(57) BBft] 

IBfr^m GaNl^lm nlGaN!1S3 0 
0 2, S«3 0 0 2±lcBl&2t\rcm8l<DG a N£<b£ 
tl^(*S3 0 0 3-3 0 1 0, *?>mcS«3 00 2 
±C«^n/c n^ft®3 0 0 li5<fctfpSMll3 0 1 
l*ffix.5o nIll3 0 0 Ui, ®&3 0 0 2cDgfft 
&>Qm±lzBj$.2tir^Z 0 St53 0 0 2 4iOnI^i 
^}<Ommt, 0 0 2 0®^[^t*jl/>T^fl:LT 

V^o S«3 0 0 2 «\ ^^ffi^^fijcL^O^ 1 <D 
¥i^nS^F^jia%W-r5S 1 ©35#3 0 0 2 a 
lg 1 n MTWlVum&J; 1 i&^m 2 <D¥& n 

wgm*mtz>'%2<o®ft3 oo 2 mi 

£>¥^ n STMWUKtt 3 X 1 0 18 cm" 3 «±T?fc 0 , 

m 2 <d¥^ n w^wtommz 3x10" c m ~ 3 wtt'& 

5o 




(2) 



1 

i] iii - NKutsmtmftSfc. 

MfE^ttSIS^ngPFM^aSfi, fufB¥3»ftS 10 
«© #£rp] fc 33 T^ffc L T t> > 

^n^^aa^w^fgi©^^ ttfBifu© 
*w<r 2 ©as^fr ^ & t) , 

itufBJg 1 WSniy^BjSgm, 3xio" c m" 3 « 

mmm2(D¥^nm^mmmmit, 3x10" cm 3 j-x 

TT&*>, froitIE«&©¥#Wf&MffiI?2©^#± 

KH^n-c^*, 1 1 1 - Nmit^^mwmm 0 20 

H*pi2 3 lusB^l<D^nl!^M1tji*{i, 3x 
1 0" cm" 3 ~1 x 1 o 2 ' cm" 3 ©^HflT&tK fro 

mmm2<D¥£inZ!pfWfommt, 1 x 1 0" cm 3 ~ 

3 x 1 o' 8 cm" 3 coigHrtT'^S, 1 tcf3®©¥ 

1 0 18 cm" 3 ~1 x l o" cm" 3 ©fEB^T^*, 

m2iam(D¥mwmmo 

imxm 4 ] bus b iii— Njfkit-etVa^mmz g a n 
^fb^%¥^T^5, a*?! i ~ 3 ©v^n^ i mic 30 

iSIc©¥2»ttgg 0 

[0001] 

[^©nr^sr^] *fgB^ti N 1 1 i-mits 

[0002] 

[&#©gffi] fikfci G a N^k^^ap&fct^fiD 40 

[0 0 0 3] jfiff^ ^©Ifft^JfflLT, Wfi»Jfc*W 
[0004] G a N^fk^^^^SJi-r-s^fc 50 
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li. M&tLT, S i C, S 

*tbT*7r-f7*«Wr*«^ GaNMxW 
*^+;l/j*S*-fr*Ki»c, ££fri;i&, $1) 5 5 0 t©{g 
fiT\ GaNSfcttALN®/W7r—Ji*JBj«U * 
S«££l 1 0 5 0 1C©«StffiaLTG a N&fb 

[0005] zrc. s i czmmtbrmtz®^ 

LfrU G a N3Rft^fti|s»{W^fl!)|S«*ffiffl'rs 

aN3Rfb^«imiW*tfK:«0afl!)^«3b^-r*. *© 
"Wfi 1 x 1 o 9 c m" 2 ~ 1 x 1 o 10 cm" 2 SSfcfeft 

ctfrjostiT^s. 

[0006] *<DitV>. cti6o>aB«ffi«U fro, 

OCVD) i6«KJ:9J«ft?*fcCaN«±k:» f£&*? 
0fcltt©±#*»**fcik s io*, ^y^xfyf 

©V7s*£fl!^T, /vf KftCffijAft (H-VP 

e) mm\z «t Ha N<ojp«%<a*s^ *&nfcjm 

[0007] 

[%l«U5tt51i] LfrU *©<k5&G 
a NSfi±l»OnS!*ff©«FttKot^TttW6fr"^)a:fr 
ofc 0 T i /A 1 fOniti^G a N 

6tt» Ga^ffi{Ct3V>T, (C) mi)\ Ga<D? 



ttffit?, G a«F«ffi±fc:T i/A 1 #©nS«S%Jgfig 

Lfci§£\ waifrjg/s^n, tii^3 7h^-#t 

(i, ftjR (C) Se>fcg^&^ l«SJI«86-r 

[0 0 0 8] G aNg&<DG a^ffi±t^-~-v^^ 
14© T i/A 1 *OnS!«ffi*ff5fca&|cH: % Sffia® 

$©fci&©M#!S£f7V\ G a Nir^nfcgfS T i £ 



3 

AtlS&gtf&ofco LfrU C©J: 5 ftlS^ AL- 
TS, nSMISfcOSttJt^Bftfrofc. 
[0 0 0 9] *RU8©-0©B«{i % fflftg©$ffi£L]I<$ 

coo 1 o] 3obw{4, nmnm<Dm 

coo 1 1] #nHji©2e>&3BW{i, i&mmm&zrz u 
coo 1 2] s{b»^«^09N«mis± 
<*isfifcjs<ip-r*^iiftjiSfc n ^©g^itigiat© 

C0013] 

CSIH**tt-rSfci6<D#gl *fgB^{cO:0 I I I - n 

mt&mui#mt)mmn, mmmit, 1 1 i-n 

mtcs *%wK*z¥m#mwit, 1 1 i-njr^ 
mmmm, wmuMLttcBAztiitw&<o 1 1 30 

coo 1 4] 02 3(c as^cD (0001) m±ta& 

3 0 1fi«g«, 2 3 02^7 7 71, 2 303 ali 
Ca«I« 2 3 0.3 btiN»i»ffif, S?l2 3 0 4{±G 
a fH% «3tl 2 3 0 5 It NH?£^f „ 0K^f <fc 5 40 
fc, N$*S®2 3 0 3 bT'ti, .Nfity2 3 0 5tMU/cBF3 
t?6tfJU Ga«l2 3 03 at'a> Gag? 

2 3 0 4tfft$fcWK£tHLTVS. 
COO 1 5] CCT\ GaNg a B B © (0 0 0 1) jS£H 

1. 8MONaOH»*«flC3»|BjSW-^ g^tc^E 
ttH^Sfk U 5 0 n mifi©t;l/n y 

■r^o ztz. m?mti$mm (afm) ^u^ntf, 5 
11 mmm<Dwm?-*y?>?'mcmmffi?inT^5 ct so 



> WBB2 00 1 - 1 4 8 5 3 3 

4 

tffcfrS, SIgf(06 0%liU:A^NII : ?T*^LTV> 

©aaa^c j; 0 , mmdimtnc < < , afm^ 

ffib£frt>WZ^ mmt. Appl. Phys. Lett. 71, 26 
35 (1997)) o a®H?<D6 0%1X±#G aJR^-ettfll 
LTVSffitt, C©ttR#fc»), *HJ»Wett, C©«£ 
?£1±«£fcO[B£Ga*S4$ffi£:if.S 0 L-fctfoT, I 

^©6 0%W±#NK ; yTfc»), ^O^SOXyfy^ 

tfT-t, SEfcEm-r^Uffi!!?© 6 0 %&Lt& 
I I imUTT-SoK), *OfilrS(Di7fy^cj;0ffb 
bfc<H4K*Wr«iB*I i I MM.7-^^Mt.^Sz 

COO 1 6] Scfc, Xy^y^fitfH^ «£©*,> (ft 
pW?©jtW (±, S*f^ji«?H[5j^ (R H E E D) 
ffi (ffX.tf« Appl. Phys. Lett. 72. 2114 (1998)) 

^ nmam^f*ym^m (caiciss) 
coo 1 7] iii -Nmt&va^mmcit. 

GaN s A 1 N, Al.Gai-i N (0<x< 1 ) , In 
N, I n.Ga,, N (0<x<l) , In,Ga,AI 

-r, N(o<x<i,o< y <i) m&&Zo wt, 

*aWtt, Ga£#tfl I I-N£{fc3%¥a?{k tfc 

coo 1 8] mmmc xsmios^z. *m&&m 

OnW&mvm&lt* 1 x 1 o" cm" 3 ~ 1 x l 0 2 ' 
cm" 3 ©«HrtTfc«o »*b<tt» ^i*SS*©n 
SPBmont^ 1 x l o" c m" 3 ~ 1 x l o" cm 

COO 1 9] *^(C*5V^T, ¥«4^Sfi(|i©nl!^n 

«*©«s^K»*©sift »c jjv i rmt L T V ^ Jg^ 

«ft»S*#-r*« 1 ©g|3#i; v S 1 ©n^M^sa 
«k ») ffiv « 2 © n 9!^MMU«*^ -5 JB 2 ©$# * 
*4 < 1 1 #-T ^5 c i: AW $ L \,\ n STMMontAt 

^©^ 1 ©nSJ^ttftiftttt, 3X10" cm" 3 fcU:T* 
**Cfc««»*L^. »l©aj»©W*tt, 0. 05/i 

CO 0 2 0] nffl*«»©»fi#S«0jp#©5ia fct , 
V^TEftLTi/^li-&, ^l©nS5F«^gg«J:t»ffiV> 
n S^Wftilft** - *"** 2 ©a5^±tjg§[©^i|^g 
W*?nTt^ci:<«ffJt^ 0 c©«^fe, si© 



5 

a%K>J¥#ti, 0. 0 5 /im~5 0 iim-VS>&£tffK 
It. 3 x l o' 8 c m" 3 Ut±T*3D&£tim& U\ 

[0021] *%mz&%¥m#mwi±. mmmat, 

mmttu m^mwmmit. 1 1 1 -Nmt&vn^m 
m*m&w&±.\mfitenrzmiL<D 1 1 i-n 

«R©¥*ft»fcWE£9Hnrr £fc#>© n IMtS&J: tf 

0, ns«i{iKa«»4iinB±tjgj«$nT^s. i 

I I -N#{t£%¥«WttJ, HSmtCG a N3&{t:£flj¥ 

[0 0 2 2] *f§Hj§{cJ:»K £e>&£¥#&g»WI{tt 
$tt, IWHMttt, I I I -N&ft£ti¥»ft« 
*L K¥SW*»«±K:«i«^nfc»ft<0 I I I-N^fk 

<0¥m#fglZ.W£%W1)Ut 5 £#>© n SWKsJ: p S 
SISfi, S*»«ffii&JBj«L*»o»l©^i%nl!5FI«» 

«t >) fgi^ft 2 <D¥i3 n fB^tt»«ye*wr 2 <om% 
tfrtt*), ^\<D^mnm^^mmmt3x 1 0" c 

m" 3 tU±T-fc 0 , ft 2 ©¥13 n S^RSi^iftg fi 3xio 
" c m" 3 IXTT'fo *) . frofejg&©¥g#/ifift 2 ©35 

#±f;:jgfiE£ftT^5 0 #t to*, fti©¥i%n$PF 

«*ii«J4 3x 1 o" cm" 3 ~1 x l o 2 ' cm" 3 ©§BH 
ft a?£L<«, ft2©¥i3nSW8/®K«: 1 
X 1 o" cm" 3 ~3xi o" cm" 3 (D&mfiV&Zo <fc 

t) l < i±, ft i ©jpj^ n m^nvnmmte. 3x10 

" cm" 3 ~ 1 X 1 0" c m" 3 ©iSfflrtT'^-So III- 

umtsva^mmt. & * l < « c a N^rt^^tt 

[0023] 

SIMS <2#-f*y#tf) »1I*ffl^T«l£-r 
5Ctm§o *»J!lC*l^T, nSflii, Ti/ 
A K Hf/Au, W/A 1 , V/A 1 A u g-fc 

ttA I a, Sc. Y, La, Ti, Z r, H f, V, N 
b, Ta, W, Mo, Cr, Mn, TcReSfctiN 



2 0 0 1 - 1 4 8 5 3 3 
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[0024] *i§^{cj3^t, 1 1 1 -Nmtsva^m 

t*Mtii*<D^&®mmi*, 1 x l o" c m" 3 IX± 1 x l 
0 a cm" 3 WT*WSL<, SStCttlxio" cm" 3 
W± 1 x l o" c m" 3 WTWS ni^it L 

»«> % s i tmmoMmz&rzztcttfvzzo 
jo 02 5] ii i -Nmt&vn¥m#mfcia3^T, 

io »*ajf?a^gj8ojpaiii:"r*ci:^$L<, tct 

*tf> 0. 0 5nm~50/jmWIL<« 0. 05(i 
m~l Oftm8**J:0»*U\ 
[0 0 2 6] ^fgHJJtCfc^T, I I I-N3£ft£«tfm» 
ftSffifi, aSS±(c, I I I -N^ft^¥3Sft©/P 

Zft&tZCtlzZSmZZttfT'ZZo (000 1) 

ffi*£t%y-y7'(7Mfo*, 1 1 i-Nmt&vs^m 

20 ti»!©*SJI®££-f 3-9-7 r^Tgflz, GaN, S i C, 

[0 0 2 7] G a NXfb^ilMm4StSOHI!iC«^ 

B±IC GaN^b^^ftO/Pfli^figL, 

T*«o $5»fc, (BB/W7r-Jii:LrAl.Gai, 
30 N (O^x^l) % SfcftZnO%fflV^TtJ:<, V^-f 

[0 0 2 8] S«PStC*5tt§lpJl{±, H-VPEffii 
fiS*fcGaNS«*fflVNTf^BlbfcU— iftt, 

V^Sffi*E, <k0ffiV^ffl«jtT-fl^Lff5o H-VP 
EST'^g^JCHC 1 %m*Ztctb* fiStfi^-ff^G a 
40 NiPUfctt, M (CI) C©C 1 jWtff 

l, h - v p e m<oKt> <o imvmmtftmij&zm l 

[0 0 2 9] *«WfcfeV^T» H3MR3&»6^*?nfc I 
I I -NS{b£»¥*tt»& ^t^tf, GaNSffi± 

?«jg«, fctx.{f, Wa^JS^fi)tSa (MOCVD 

o s) K«t*j»$L<jgfig-r5ci:^r*t5c as 



(5) 

7 

mctt^LtzttMcDG a NflfflLtfc, MO C V DffiTfg 
#TtctV\ ^<Df£, Ti&<D7>K-7G aN 

[0 0 3 0] *^T'(i, ^CG aNaS*»$L<M 
£5>tc, G a N^ft^ift«1-5^I(7)H, 10 

mm7m<D-u a o%mmuT) p, As&^tf 

<D i 5 infill* fc fc 5. Lff 5 0 

[0 0 3 1] *HBJ(C*5^T> clft©^fnj{c^5Lrc/N 

© N mffiWlS <fc tf G a 8* fc 7\Jjbb<D c 
LTV>5 0 ^©.fc^&SSW:, fflSffi© (0 0 0 1) ffi 
ltd If # * > * ;l/^ft{c J: 9 f#3 £ <t ^ § o - 

«tl\ ^©ia&ifcgKfi, MI (0 1-10) i 20 
tOGaNO<0 1-1 3 ^[rKVO^M, A® (2- 

I- 10) ±T-0GaN<Dctt73ft'\<D/?£g > R® (0 

II- 2) ±^GaNO<2-l-l 0 ^FrI'xcDJjJc 
§, *5<ttf, i*ii©[ (ill) ffi+$ffi#4ffi]±T-© 
GaN<Dcffl;£|^<£j£g#&£<, ^tl5)<D^{i:fel/> 

[0032] *^tcfei/^T, ±®£c*sn®*)wm-r 

B^ft) KJtU SS^UcDcfitf 0. i o° ~0. 2 
5° -?tlT^Z>Cttfft%L<. 0. 15°~0. 2 0 30 

[0 0 3 3] XC±(cl^-if«ojK7«BBofra 
■fSfcifr, MOCVDiS*<»SL<ffifflSn*. 
t)\ tt®LJ-\Z$*i/- (MBE) <Offi(J)l^^+ 
i'+/lW&6#i£ ; &fflV , >T£>«fcl,\ ) MO C V D&{C<£/3;* 
nSM^tfi, fct^tf, hU^;l/#>)7A (TM 
G) , hV^^l7)l^.-^L (TMA) , hV*i-Jl 40 
JW'tjk (TM I ) s NHj, feitflfX^n^y 

^>?x-;i/v^->^A (cp 2 M g ) cne> 
$fts«, #{cGaNstg, *s<kt;i^— vm<om?w& 

^OK-z^hitT, nS©«#ii, Si, Ge, S 
n, 0, S, Se$fcliT e> pSO«*tt, Mg, B 
e, Ca, Sr, Ba, Z n gfcliC d ^ffl-TSC £ 

[0 0 3 4] gcfc, *«W»4» fgftifryfCjlfflS 50 
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n5o fcfc*if, u-u**J:tf»3tt^-r* 

-K (LED) *#ty 0 b— «f©*S\ *«WfcJ:ti 
f£, fSv»fijttJtfila, ffii^HfflttlEE, £fcf±{g^68ffili 

[0 0 3 5] 01 (a) iNWtU— ftLXmmZ 

GaNSSl 0 2 1 0 2A±tnftll 
0 1 tffii&Ztir^Z„ nitl 1 0 1 trntz^m 1 
0 2AttN^ttffiT'^ o G aN*Kl 0 2©flfc&«D± 
ffi±fc{±, nSGaN1103, niAh, Ga« N 
^7Fil0 4, nlGaNM^K110 5, 
IfttP^TtilOe, pSAlc 2 Gau N+-^'J 
7^P7^110 7, p^G aNWTKJll 0 8, p 
SAKi Gao.9 N^77KI.10 9, pfGaNny 
£^h/f 1 1 0, t3£Xfp§SM&l 1 1 **JWcJBJsSStl 

[0 0 3 6] HSS0IJ1 

«Tfc^-r«fc5t, ■9-7r-r7Sig±cH-vPEa{c 

ffifflu hi (a) \c7rs?¥mftu-i?itmmLrco 
[0037] s-f, (ooo i) w*Mf& j ry7<<7 

*>J3 /imdS*€7yK-7G a NH^TiftSi: LTfiK 

{c^AL, Hz3?H^£D4iT\ 1 1 0 OtCiftST-^U 

Tzk* (Hi) *1 OL/mi naEL4*l6, 6 0 0°C 
T'NH, t hVtf-frXVVJ* (TMG) *^n^fn5 
L/mln, 2 Omo 1 /m i niALT< t>J2 0 nm 

[0 0 3 8] *<D'&. -BTMGCDmifeZWitU Sl>* 
1 050TtT?ffiaL-T, TMG*ftl OOmo 1 /m 
i niAt, 1 B#^T'3 fi m<DW£<D7yY—-7G a N 
K*J*S**So ^O^, T'MGi3j:tfNHsO«9&% 
With, ^iSST'P^St, 7>K-yGaNT*H*fi8 
fiS-&fe-9-7r-Y7S«5:|S{tiffl-ro flHB^y7r-fl 
tLTlt. G a NHOf^b^t, h y ^^7;l/~ -tJ 
h (TMA) , TMG, NH3*<sg#LT, A 1 NM^» 
Ga A 1 NlWLTfeil\ 
[0 0 3 9] ±IE7?ST*ffiSLfc7^K-^G a NTlfe 

m (zommmitG atmm ±^g a Nmmz&mz 

itzm. ^5>y^^4C*V>J;7, IPJ2 0 00AT*, 
te7/jm, mm I Ofi mOX h T^ROjSffllMBBI* 
«<SL, *©±ICH-VPEifi-eWWft*ffK ¥S 

ilLT, (EBS) K«t*}^LrcS 
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H-VPEgHrttC«A-r§„ N 2 **V7tfX 
£NH 3 £\ Zft^ns L/m i nfitL&a^, SS<D 

sg*£j i o 5 o°c£T*m&z&z>o zvm, mm±ic 

GaC1^100cc/mi nfAlTG a NiPUcD/jg 
fi*P^&-f3o G a C Hi 8 5 cmcffi&^ftfcG a& 
«£HC 1 tfx^Tc^cJ^SE^fts,, s 

K-^y^r5ci:^Tt5„ *IIM!lT-«\ s i* 

(S i HO *2 0 0nmo 1/mi n#$SL 
T, S i K-7GaNI (S iMIS: 3.8X1 
0" cm" 3 ) *j£g£-g\ tt3l$|ffl©jSgT3 50(im 
<9GaNU§!*?#3o ^©J:9^fi!cS^ffT'0<ofcG 
a N<D«gffifiG a**M?&.5o S i <D F— tfi^fc 
MbTti, s i HOcpge.-f, t/^DD->7y (S i 
H 3 C IK ^nn->7> (SiHaCh), hU* 

ua^y cs ihc 10 momm^mmLx^ 

[0 0 4 0] SS^ W«t*t)^77'^7aS, MO 
CVDffitCfc^T^H-yGaNJl, S i 0 2 §|*|&£ 
U N&ffiffitftt!£3;Tf5«§LT, 01 (a) fcjjVfG 
a Nffig 1 0 2*f# £><, G a NS^OSf^ff oTcSti 
N«g?£ D , S«HJ©^S«a®(i G a 

[0 04 1] m^tifcG a NiPH*S«i:LT$fflU 
OT^fcO, MOCVDS(Cit)fg^?)(iii^S 

£1\ S«*M0C VDSIWciAU N* 
tNH^ftlfnSL/m i nfiLS^e. 1 0 5 0°C 

H 2 £fUT, TMG^l OOjimo 1 /m 1 n * Si 
H<*1 Onmo l/m i nfALTv illcifni 
GaNSl 0 3*4 /imf£fi;*-e3 0 ^<D^, TMGO 
SttJl*5 0 (imo 1 /m i ntfiU TMA*4 0/i 
mol/minWALTx nlAl.., Gaa, N*7«y 
Flf 10 4*0. SjimOffSTflSSS-e*. Ala, 
Gaa 9 NOfiggA^7T5t, T M A C9{$i&*f? it 
U TMG^100(imo l/m i nltilLt, ni ■ 
GaNMYKIl 0 5*0. 1 /imOJJJfc&Si 9 
fc$fi£-££„ TMG, Si HiO#i$&*^il: 

LT\ * J rV7fiZ%:HzfrC>N2lcnxfK7LT. 700 

7A (TMI) *1 0/imo l/m i n, TMG*15 
/:mo l/mi nIAU I naos G aa.» N«fc<3&£ 
4 n mjf©|iigS*^g?-a-5o ^©m, TMIOi|& 
■*5 0(imo 1 /m i nfCigitoU I.iu* G aa. N 
«fc t) 2 n miP<D#pJf */£g$-yr.5 0 #Fjf «£ff- 

3m, mo^mx'i&mzit, npmtnpmt^mts 5 



w ItM 2001-148533 

10 

. #F (MQW) <r>Wm \ 0 6*/&g£-£§ o MQW<D 
^S^HT-T^i:, TMI&£tfTMGO#fci&*ffibL- 

r> no-'i 0 5 otsT-msu ++U7^x*m>*N 

2 fr&H 2 £ft;lT\ TMG*5 0/irao l/m i n, T 
MA*3 0/imo 1/mi m PS F^y^^T^ 
^trx^^D^y^i/x-;l/v^^>i7A (Cp 2 M 
g) %1 Onmo 1/mi-nSU 2 0nm/P<DpS/A 
lo. 2 Gao.. N*+'J77n7 1 0 7 *fifcg;*-&- 
10 5„ ^t'J77n-^lo^g^7t5i:, TM AO 
{SIS*fPlkU TMGO«iS5&M*l 0 0 /imp 1/mi 
ntlSSLT, 0. l/im©f?(DplGaN^VK 
^1 0 8*^*^^^ o ^CD^, TMG<D«*&*5 0/i 
mo 1 /m i nfcHSU TMA^40/imo 1/mi 
niAL, 0. 4 fimmOpMA lo.. Ga u N*5v 
FEl 0 9*$g£-tf\ W&lC TMG«» 1 0 0 
/xmo l/m i nfcI^LT, T M A cr>t£jg*ff ± U 
0. 1 /imiPOp^G aNny^i' h/f 1 1 0©$g* 

20 TMGfei^CpzMgcD^^ittTKSU 
MigTSl£*M 0 C V D SB <fc 9 %L *) Hit o 

p-GaNny^^hSl l 0* 5 /zmifs©7- h 

tt^cSL^ p-Aid Ga u nytm YM 1 0 

X>y^y^*ffV\ ^SSS^fig-r^o ^V^T\ p- 
GaN33#fCPd*l 50A, Au*1 000A/H^ 
«tT, pllll 1 \ *Bmz,o $fc, S«fi* 
2 0 0 °CmmcU%, G a NSffiON^ffi 1 0 2 A 
T i *jp$ 150 A, Al*1000 AllH^* 

30 nsii i o i *jf^f3o a^tc, m?mtf® 1 

[0 0 4 3] W±CDyD-tX{;:J;i3f#P.nfc^j]|{4:lx- 
+f-{cfev>T L G a NS«©^!|%jiJt7 p n7ri';Wi 
01 (b) \C7KtttsK>T°3bZ,o nSt^GaNSS 
1 0 2<DBfrJ]falC]3^T, nSIPFMft (Si) CDzgS 
{J:tJ(?-ST'fet) N 3. 8X10" cm" 1 *H 
Sfi0!lT'ftSL/cb-^{i, ^OMffl*E^5V, SB 
ffl«?5SSg^ 1 . 2 k A/c m 2 TS^o MU— IftcW 
« LT> Sifflifi^cD^ffT'^ 1 0 0 0^O*^M^*H 

[0044] ttmn 

mmm 1 T-^^n/iG a N*«oN^ag®{c§p*xtf 

U— VZmrz. 02 (a) lC^$nfcGaN^fb^ 
iNt^OU— tfORiBH* 02 (b) JCGaNStgcDfig 
ST^IrI (/P*^[p)) (D^f&yam&ZfuyT-OlZTjkTo 

[004 5] MOC VDj£fcJ:37>K-7 , G aNf&t 
0 S i Ozlg<D0/& fe<ttfH-VPEtetJ:«iSS«, 
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mmm 1 tmmic Lxno a #^-c\ g a ns«©n^ 

tmn<Ol5'&-C\ GaNg*g2 0 2±(C, niiGaN* 
2 0 3, nlAlo., Gay N^77 KI2 0 4> nl 
G a NfttfV KI2 0 5, £S«?#F©?§3flf 2 0 
6, plAl u Ga,, N*t'J77P7i'l2 0 7, 
pS!>G aNftAVKj^ 0 8, pSAlo., Ga., 

0 p^G aND>^^M12 1 0, *5<t 
tfp§y«!2 1 l*»j«U £&(;:, G.a»«HB2 0 2 
Atnill2 0 1 ^fig-TSo 

[0 0 4 6] »&nfc*?tt, ^ST'b— (figjgtcse, 

•C, 1 fclBlfiSfcLTG a N»E*flMKU N&iig 

ffifcGa^ffi{C,gO. 5mm<DTi (15 0A)/ 
Al (1 000A) «|201*1. OmmOMPlT*- 

mm^m^Tzo 03 {4, G a N&KONftflgffigfcH: 
Ga»flBffilC|jE*snfenS!««©/^*->'*^u 3 
0.1(4nM€S, 3 0 2i4GaNSti**t. 04(4, 
G a N££©N|g^£l^£ttfcngtt&©tti%-« 
E«Ftt£*R L, 0 5 (4, G a NS1£© G a ftlgiSilC&g 

^t"» — Tu, 0 5(C^±?(;:G a&4!g®±©n§>®li 
(4, ^3-;h*HJtt*SU »S»©#ft*^i»-r 

[0 0 4 7] Ga»«nBK#ft-r«Ga©^>^>;yy 

ftfSWt*, Ti/AlfClg^L/cf^ |« 

5/f?#S®(c#£L#SSi4s(4iSv>o Lfcibt^ N 
[0 0 4 8] G a«I±TOG a NIRfb^*¥ 

iftloxtf^+^t^Stt, 1 0 0 ortx±©i«za 

ttfrfens. c©«£, aa©*««wi«iBu stitKfc 

[0 0 4 9] |»J2 

P-'^HS i H, 1 0 nmo 1 /m i n 
~1 000nmol /m i n ©®HrS^©<ii: U H 
-VPEtt{C±03F«»«g©S4SG aNJMI*^n 

^tuass^fc. #g a ummom*. siH,©i 
*tt-stufc. *©fl&©*ft{t» nftwitraai-p* 

i fcraattu— «f*ftiiiu *ft6©#tt£iift£Lfc. 

U— !f©fci6©&/l(4, G a NS«©G a»*ffi±rx 
e**'>ir/H«;BS-&fc 0 nS!«S». GaNlS©N 



(7 > ^2 00 1 - 1 4 8 53 3 

12 

[005 0] 06ii, GaNmm*f8.mz-£zm<D, S 

a^-To milt, G a Ng&*©^iSfi«Ij££, KG a 
N LTffS L fc V— !f ©HtttE i: ©HSll£ 

7Kf„ 0 8(4, G aN3^*©^*fi«|jfcfci;, KG a N 

£*f 0 B9f4, g a Nmfatpo^immmt. kg 3 

[00 5 l] 06(c^£ft3 e fc?£ x SiH<«lJ: 
10 G a NS«(f <D^^«af(4, t£MMmtC$>^ S i H 
4iWS**M OOOnmo 1/mi n ©^©^fcfi&jSfi 
{4, 1. 6xio" cm'-pgS. I7t^n§4^ 

So Ctl(4, G a N»*©fiSt«<, ^»©»»i?fiT 

T^3fc#*5*i3 0 KSHtnEEid:. GaNStS©^ 
20 Mft»£tftt 1 x 1 0" cm" 3 J-X±T*«{f 5 VigfiCffl 

[0 0 5 2] g®, 08(4, G a N£&©TOfi!tti|£ 

l5lxio" cm" 3 lU±(c%Si:, U— 9»©5ggBB 
ffl««mS^^(ciSiDLtei6, 5x l o 2 ' cm" 3 JiLh 
Tii(S > 2 k A/cm 2 Sfi®ll(cii3J^tT^5o C©C 
t!4, 09{c^^nS<t'3(c, G a Ng&tf ©TUfi^ii 
x l o" cm" 3 %jS*3&fc»jfr5, Hg®© 

fcJgfottSo BUS, M©aSffiS*^ift!iirrS4:> ^©± 
30 fcfi&gtfc U-1f^igfc*5(t5#g©|?®©Ca£,^tiJD 
L, l^^*«tt*^K*rt-p©3e©»«W«i|ttP 

l, ; en^iaffi[sst^a©tiiD^-o^3b'!oTtTv^i: 

[0 0 5 3] */c, tf©fls«CffifflUfcGaN»E 
©NffHii«|(Cn«S«^jAU Trans Mission Line II 
odel (TLM) StCiD, ^»tSSfc»"r-5gteitg 

^ffiT'SSo 4-HKi, T i ( 1 5 0 A) /A 1 (10 0 
40 0 a) , -tM'XS 0 0 /i m, fSM 1 0~ 1 0 0 )im0| 

[0 0 5 4] 010(4, G a N££4>©:ftQttritg£$ 
«UtaStfc©BB«*^r o TffiHttvyi X 10" cm 
"' *^5tgft6itfi5i^l x 1 0 5 Q • cm'l-UTi: 
*t>, ^©^(4^Mfi©tiAni:tfe(cJ±fi^(4T^ 

[0 0 5 5] Jtt(±©tS*6l»5, G a NljgcD^ftlg 
(4, 1 x 1 0" c m" 3 llhixio 2 ' c m" 3 WT^SS 
t<, lxi 0" cm" 3 lilhixi o' 9 cm" 3 «T*U 
0 t)S*U\ 7»HMUtyffiiir«««tt. *«if*© 
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wmmztu fctfHttcft oil*. - 

[0 0 5 6] HS£0!l3 
WTfcw-T * 5 G a NS1£©** U 7?1S£*£7j 
GlfcSftS^ U— IfJR^HfiLfco 011 (a) 
fc, flMBtetlfcC aN£{b£&¥##©l^-1f©Wr® 
0, 01 1 (b) fc, G a NS«©ff*£fo©*tt*a 

0 0 2!i, Sift F-7G a NS 1 0 0 2 a (Si^Fi 
ttjftS : 8. Ox 1 0 18 cm 3 ) S ia?tF-7G 
a NJB 1 0 0 2 b (Si : 3. 8 x 1 o" c 

m" 3 ) fc^SftSo nSttff 1 0 0 1 It, mm 1 0 0 2 
0N»JSffil 0 0 2ACJBl«£ft-CV«. nSMffil 0 
0 1 Ic&feirf 3 NWm^tS G a NS 1 0 0 2 a 
It, \s~ *fMmc&te? 5 GaNIfl002b<J:!3fcft- 

[0 0 5 7] M0CVD?S^J;57>K-7GaNMil 

s i OJoKfi, AKffli fcra«fcfrS. ^©&, 
J-XT©<fc5K, H-VP Elite <fc£/&R£fT do 

[0058] sr. xh^^ortftiwaiiifcirr* 

7> F-7*G a NTflW*J«SLfc"9-7r>r7l6S%, 
H-VPESSrtlc^A-T^o N 2 ++'J7^Xi:NH3 
£\ ^n^n5 L/m i niittbftA<5, S8l©&&£ 1 
0 5 0°C$T'#fi-r^ o St£±lCG a C 1 % 1 

OOcc/miniALTGa NJPJpO/jggfclS&f 
5o G a C 1 li$)8 5 0 ttC&JfStlfcG a&IltHC 

^■mmisx^mt^hKti*), F-t^y 

*BBttU ^/^^ (S iHO £3#f?8, 500n 
mo 1 /m i nffiipLt, S i ft" F-T'G a N« 1 0 0 
2 a ( S i ^i&^zlfi : 8 . 0 x 1 0 18 c m" 3 ) % 5 /i 
m/&fi£-g\ ^©f£, S i H4<DiSit»&2 0 0 nmo 1 
/m i n tc^T. S i 3ft F-7G a Ng 1 0 0 2 b 
(S i^msm&: 3. 8x l o" cm" 3 ) 

It 3 ^©jfcgT* 3 50/1 m©G a NJPH£f# 3„ 
C©<fc9&&ftT*{tS¥LfcG a N©«gffi (x£**S/ 
+71/BD ttGaKHraS-efcofco S lOK-e^tH 
UTti, S i HilclB&'f* t/^nn->7^ (S i H 3 
CI), -^DD^y (S i HzC 1 2 ) , h'J^PP 
5/7 > (S 1 HC Is) *f, fl&©Mf4£{£fflLTfc<k 

[0 0 5 9]«g», W*KJ:»)^7rW7S«, MO 
C VDj£(c±£7yF-7G a NH, S i 0 2 )i%&£ 
U N»JBffii3yaj*ST?W*LT» GaNSt£l00 2 
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£l#3= fcU:©ttELTfc6ftfcGaN»M*S«&l, 
T<£ffl U NiHffi® 1 0 0 2 A fcfiKttfljOG a ttJWB 
±fc, MOC VDj£^fflv>Txe^+5/-v;l/fiKg®^Jg 

nSCaNil 003, nlAU< Ca... N^77K 
g 1 0 0 4, nSG a Nft#V FJf 1 0 0 5, £fil? 
#POMI1 00 6, plAl..! Gao N*+'J7 
7"P77fl 00 7, pIGaNM-l'KI1 008 > 
pSAlai Gao. 9 N777KI1 0 09, plGaN 
10 3y^7Hl 0 1 0, fe«fctfplW'ffil 0 1 l*Bf& 
U GaNS£tDNWl 002 A±lCn3Mtffl 0 
0 1) *ftDi&* % 

[0 0 6 0] fc&nfcb-lfti, fHf©K{i«J±A^5 
V, BBffi«SK{g£AM . 0 k A/cm 2 -e^ofc 0 Hffl 
3£$©&ff7?^ 1 5 0 0l$nBO**K»*gliSbfc*^ 

[oo6i] nam 2 

G a NStg©G afttfSfflUlc S i'*F-7Ti*»jau 
f©G a«*HBSenl!«S^S!Lfeo GaNS 

;l/J«g«*JftSLfc. 012 (a) (C, fEHStlfcGa 

n mts&tmft u-wwmm, w\z (to kg a 

NfflfiOjfcgtffiJ OP^rSj) fc*Jtt«^iMiW«fi7'P 
7 7^^^t„ GaNUl 10 2H, S iil^F- 
7G a NS 1 1 0 2 a (Si TOfiftAS : 3. 8 XI 0 
,8 cm" 3 ) t, S i ft F-7G a NJf 110 2b (Si 
^WfoW& : 8. 0 x i o' 8 cm" 3 ) t<p548. U- 
S i ft K-7G aNll 10 2 b±fc*&SS 
tirv>5„ nfti 1 1 0 1 It. S i MR F-7G a K 

30 Ml 1 0 2 aCGagttl 1 0 2 A±KJgj££ftT^ 
5o J-XTCS3g7P-b7x^-r o 
[0 0 6 2] M0CVDffiti-57>F-7GaN)li: 
S i 0 2 H©Jgj£&, ^Sfeffill fcra«Cffd. Xh^-Y 
7«l»MWt57>K-7G a NTlfijl^^ 
fi*«fc"9-7T-<7lS«*, H-VPEgHrt{C3»A1- 
5o N 2 ^+U7^XtNH3^ ^n^tl5L/min 
gfEb**^, SI5©rag£: 1 0 5 0tST*Ifit§o * 
S«±tcG aCl?:100cc/mi n#ALT 
G a NJ?H©/&S£llfl&T£o G a C 1 {±8 5 OTtC^ 

40 WZtircGa&miZHC l#X*m?Ztlcl:*)£.f8 t 2 

[00 63] S i*F-e:/^4#SjSft*Htt&U 
^7^7^ (S iH.) ^3ffi, 2 00 nmo 1/ 
m i n T'^LT, S i iim F-7G aNil 10 2a 

(S iTOEBflfcfc: 3. 8x l o" cm" 3 ) ^3 4 5 /i 
mEitg^^ ^©m, S i ©jSM^r 5 0 0 n m o 1 
/m i n fc^^T, S i ft F-7G aNil 10 2b 
50 (S iTO6ftg£: 8. Ox l o" cm" 3 ) %3«-|Hia 
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ftStf (»5 /im©ff SfcffiS) , »3 5 0 (im©C a 
N»«*»*„ CO±5ft«I*ttTff«LfcGaNO 
«a®«G a&48®T*fc£. 
[0 0 6 4] Wm\C&*)V7TJ7W$L, MO 

CVDSCJ;57>'K-7 p GaNi > S i 0 2 §|%|&£ 
U NUttffifcfciSTBHSLT, GaNStSl 102 
W±Ottt LTt#5>n/cG a Nj?ffii£S«£ L 
TffifflU N»i«ffi±fcMOCVDffi»uJ:Dxt!^*S/ 

SHc, nlGaNll 1 0 3, nSA 1 o.. Ga« 
7 7KI1 104, niGaN)tWFil 1 0 5, £ 
lifttPO^il 1 0 6, plAlai Gaa, 
t'J7/n>^gl 107, pMfttfl'K/ll 1 08, 
pSAla. Gao.9 N^77Fil 10 9, plGaN 

^yztvmi i i o, fcitfpswii i i i*^fig 

U G a^WS 110 2 A±fc nS«|g 110 1 
LT, U— 

coo6 5] mztircu— if t4, 

Ofco ff^LfcG aNSffi©N»ffii;G a«®t-?- 
tl^flT i / A 1 ©n U *tl 

5y^Wtt«^Lfctf, Ga»«fii±©nlM»iS'3 

[006 6] S i F-^MONK«SiC n g 

**(E1 (a)C10l)«U;|^ S i iff 
F-7W©N«4Hiitn-S!«S (011 (a) ©1 00 
1) *«J*Lfc«£&, fi#ft*-5y*fttt#fc& 
n, BttffcfcW'ifcWfiftti**-*. n£!«ffl 
0 1 ©Sttltgtitti 3 x l 0* Q • cm'SfiTfeO, 
n3M 10 0 1 9X10"' Q • cm 2 "Cfc 

cfco Ltdf-oX. S iiSF-7/f(DNf|4g®k:nS« 

</\> 

[0 0 6 7] M0CVDfcfc«fcoT#J*2ftS7 
> K-7G a NJlOftfc 0 fcT*E«g£ 8 x l o " cm 

^til2x 1 o" cm' 3 OG a NM£Jg$Lfc„ 

S5S i K-:/GaNJl©N»Mlffifcn£!«S*ft5«l, 

kA/cm'Tfcofc. <E^©^RS^Jt«W^V^iU F 

[0 0 6 8] £^094 
W9*lRlK^tt»F-tr>y«*afb«-e-teG a NSfe 
%fflV\ b-lf&fHHl/fc. 01 3 (a) , 01 4 

(a), 015 (a), 016 (a), 017 (a), 
018 (a) (4, ^n^Ftl, *£«0!)T?fi8Bl,fc*tt» 
»**S<bS*fcGaNS«OBfiiBT?*t), 01 3 
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(b) , 014 (b) , 015 (b) , 016 (b) , 
0 1 7 (b) , 0 1 8 (b) 14, #G a NSfi©»*£ 

[0 0 6 9] 01 3 (a) ©#^1 3 0 2 {4, GaNl 

wtu&M&t*) zmv. #^1302 a^n^s 
s-r. nmm (0^*bs) H:N»«BsiK:»-rso ssi 

3 0 2 *©TOMWft8«:, 013 (b) (cjjVf4?£, 

10 trfroT, lBRWfc8feJ>bTVS. 

[0 0 7 0] 01 4 (a) fc4tf (b) {C^fidtC, 
G a NS« 1 4 0 2 «, ^M«8£#gfei£< 
1^1 GaNfl 402a, fft?$S£fa OP&TjiS)) 
K^^iffiOTSi^WtcM^-f £JfS2 G a NS 14 0 2 
b, *±CPFtt»»«^«t,ia<-^T?a&S»3GaN 
il 402 c^tn. N*?«Sl 4 0 2Af4n§y«S 

[00 7 1] 01 5 (a) *54tf (b) {CtjcT 

g a nss 1 5 0 2 &4, at>A\i<*mm&frZRtt 

20 l^iCllClin^^MttlHttt^-rSff lGaNI150 
2 a, ^Wfa&SL— 2 GaNll 50 2 b, £4; 

— G a NJ1 1 5 0 2 c **if§ 0 n$j«ff (H^«Hft) 
{4N^4S®1 502 AtS-TSc 

[0 0 7 2] 01 6 (a) 434tf (b) £jjVf4?fc:, 
G a NS*g 1 6 0 2 f4, 7MWUU t StiK< 
3Sg 1 G a NJf 1 6 0 2 a , ^M»«jfftW*^lRlfC« 
'PtZ>m2 G a N/p 1 6 0 2 b, *J±tPF*fi$&JjI&tfg 
fefBK— ^T?*S!B3GaN*l 602 c^fS, n 
30 «f (H^ftt) 14N&SS 1 6 0 2 AfCJTf 3 D 

[00 7 3] 017 (a) *54J>* (b) {Cjjrf4?{c, 
G a N3HS 1 7 0 2 fCfeV^T, ^«»««t4, JP**|b] 

fc**-rs. niti (0^*bs) {4, N^ssai 70 

2 AtmtZo 

[0 0 7 4] 01 8 (a) *>\fctf (b) ^-T45{c, 
G a NStS 1 8 0 2 (cfcV>T, ^Mt)SSf4, iP*^(p] 

ic&'p-rzo nmm® (0^#s&) {4nhwi 802 
Atg-rso 

[00 7 5] 01 3 (b) , 01 4 (b) , 01 5 
40 (b) , 01 6 (b) , 01 7 (b) *>4:tf01 8 

(b) ^-Ti^&iia^^ft^ftW-fSG aNl 

f4, 0 7 fc^-T 4 ?tn £!«&]&&07ffi%ig£lC*:$ 
?<D 6 0 %tLh^NH?TS5 N^ffitC nl^SfcJg 

j«-r 5 c i 4 ») , s§f^ u-?wmm e. 

[0 0 7 6] Hi«6fi»j5 
**&S0iJT-f4, G a NS«*{C^>e^iia<DS^5«S 
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[0 0 7 9] ffKL/-cG aNS«<DN^4S®i:G a^SS 
BHC T i/A 1 ©nSWSfcJ&aU Wtt*iKfc. * 
©IS*, NMIlOnlliU fi»4*-5y*1$ 
tefcjjtT— G ai^ffi±TiJ, ->3'yh^fi^ 

[0080] 020 (a) , 12 1 (a) , & 

«fctfH22 (a) IZijktG a NSlfifc^ft^ttfigfflL 
Tv ¥llf*U--1f*f^»Ufe. 02 0 (b) , 02 1 
(b). , 02 2 (b) f±, ^n^ntefflLfcCaNSS 

[00 8 1] 02 0 (a) t^tGaNlflj2 0 02 

^Wft»a— so* iGaNi 2002a, s 1 g 

aNS2002act 0{£< fr-D-fe<D^1tmmm*&t 
5S2GaNg 2002b, 52 G a Nf2 0 0 2 bJ: 
0a<*» > o-j£O^F«1Wifi*W , r«»3GaNJi2 0 
02c, 53GaNl2 0 02 c <k K) (6 < frO-£<D^ 
«Uja8£#fSf&4 G a Nil 2 0 0 2 d, fc«fctf»4 
CaNg2002dcfcDft< A>O-£0^tH!liS*f 
n55GaNi2 00 2 efr«mo IlGa 
NS2 00 2 atiN^4S®2 0 0 2A^Jg)S-r§ o ^fcfi 

^iia©*/Mw&w:, s (i) £jjvra»)T?a&3o 

[00 8 2] 
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[0 0 7 7] £f\ 019 (a) (C^-ria^GaNS 
SSffifflLfco ££l 9 0 2l±, 019 (b) lC7Tst£ 
ott®mm&'?ti7T-<)\>l£&tZ>o N&Sffil 9 0 
2 A£|tt3 G a NS& 1 9 0 2 l±, JPS 5 /i mgg© 
S i ft F-:/g 1 9 0 2 a (Si ^Wfaffig. : 8. Ox 
1 o" c nf 3 ) , S i F-^g 1 9 0 2 b (Si 
iSS: 4. 2X1 o" cm" 3 , S iftF-7gl 902 
c (S i^mmSL : 8. 0 x 1 0 18 c m 3 ) , Si K 
-l/gl 902 d (S i WfefftS : 4. 2X 1 o" c 
m" 3 ) , fcitfS i iSV-fS 1 9 0 2 e (S 

: 8. 0 x l o" cm 3 ) *»5*|j«;£ft3. 
[0 0 7 8] GaNl«Ol»/':ottt, H-VP 
EStfcJ:*)* n&«ff&^^2NttJK3HM (S 1« 
F-7g 1 9 0 2 a) tGai&tmM (S i i£F-7g 

1 9 0 2 e ) O'Pft < £ 1 2 «fflCiCT»Hm*&Rt* 
fc 0 G a NSSOSJIfcfe^T S i «S{4-J£»c Lfc 0 
nt&m3 tmU<Dl5&T\ Gag«ffiJ:Cxem+ 
;bfiSft%frV\ nSGaNl, n|AU, G a 0.9 N* 
9-yFg, nSG a Nt^V Fg, £aS^#F©f§ft 
g, pSAlo. 2 Gao. 8 N*+U77n<y?g, pSBfc 
tf-TFg, plAK. Ga« N*^>yFg, piGa 
Nny**hg, fcJ:tfpgM«*JBjSU N$SJSjffi± 

tftt, Blffl«ffi*^5V, HMf«tfEiB£tfift 1 kA/c* 

l5GaNl2 002e>5lGaN12 00 2a>$3GaNi200 2c »• 
>52GaNl2 002 b=^4GaNl2 00 2 d (SO 

02 1 (a) tC^-TG aNlfi2 1 0 2tt, ^M^a £l G aNg2 1 0 2 attN«flSBB2 1 0 2 

1 G a Ng 2 1 0 2 a , W«S~S©S 2 A £c *tt*iftt ®*/hH«ti\ C£ 2 ) 

G a Ng2 102b, 5RW«!«fi-«0« 3 G a Ng 2 "Til »> "CSS. 
1 0 2c, WM£a-£©8l4GaNJi2 1 0 2d, 30 [0 0 8 3] 
33£ZPfifflfom&-fe<Dm 5GaNl2102e fr£>«* 

55CaNl2 102e>IlGaNi2 102a>52GaNl2002b 
=S4GaNg2 00 2 d>|l3GaNg2 00 2 c (S2) 
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02 2 (a) tC^-TGaN»1S2 2 0 2fi, TOfifttiftg 
IGaNi 2202a, JfrfdMWflRl 0P#£ 
fa) fc^tt*«lt^lft!«rr*ft2 G a Ng 2 2 0 2 b, 
^^Jta-Som 3GaNl 2202c, ttlRgft 

A 0P*£[pj) t7*HMUWitthrr«» 4 G a Ng 2 ★ 



★ 2 0 2 d , &£XPmimm-mv>m 5GaNl220 
2 efre$$£tt5„ IlGa Ng2 2 0 2 atiN^ffi 

12202 a ^«»«eo*/jNi««ttx 
(S3) titio-efes. 

[0 0 8 4] 



Si GaNg2 2 02 a> 
e (S3) 

02 0 (b) , 02 1 (b) , fe«fctfB2 2 (b) fC^ 
***«HMto#**n«l*rt-* G a NSKfcfflV* 

is-ifm&tm&ift&zixLrzo xmrnmicmLfc 

mmtS ift"F-:/g£3g#A/r-^5#, 

ffifcs i iiF-^g^LT^ntf, 4^Qtffll2:iStfR 

tt*S»***-rscfcft<-et«. LfctfoT, SiiaF 

-7g#2gT-*>, 4lK±T^ot!,Sb^\ Ga 
NS«£*5^T, najWifcSjBfr^tNeiBiii*^ 



3GaNg 2202c >S5GaNg 2202 



[0 0 8 5] 

GaN«fi©N»iSraS*JBi«fSS»»0^«» 
50 i:LTG e^SfflLfco 
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[0086] ti\ mmmi tmmc h-vpes^ 
<toGa Nmmvtitmztetbztmmic. s i h< t? 

Jl-V-VL (Ge) %m^»#Ab, -&th3 5 0/im© 
/S^<om^©^Wa^*^Wr5 nlG a NH M£ 
^Lfc 0 jfcgSL WlgtcJ: 9+1-7 7^78*5, MOC 
VDStJ;57>K-7GaNl, S i 0>§i%R£ 
U N»«fi«i|il4iT?iiLTCaNifim. X 

ss*ffl^r» Hawaii ^rawc ca^igstiti^- 
■ifwaMs ± tf p l , n ^«ffi± tc n mmm* 
&j£lz, u~tr*»fco ^e>nfcu— mtmux-mm 10 

^tt^ftO vmm. 1. 8kA/em ! ifiT$^fc, 
[0 0 8 73 Jtttff3 

**0d6 kra*teH-V P EjSfcJ: (5 G a NJSH^ffcS 
S-frfc. G a NJPK©/fifiik S i H, i:y;bV-^A 
(G e) *3r£«IAU £ff3 5 0 fi mOfll*OBf£ 
O^F««««^«Wr5 nSGa NJWH&ftHLfc, 
JMBftSfcfel^T, G aKWffittR: S i fcitfG e©i« 

a N g*x£t# fc„ BnfcG a Ng&© G a KfllSfC n 20 
S*S*fHHU G a NS<gCDN^®fc^?«|jg%x 

[0 0 8 8] SSS0IJ7 

3 <d& r> ic^mwmzmtzitrzo h-vpe 

ttfcJ:9GaNA«»©JSS*l»ji& , rSfcfct>fc, SiH 
.«I1«AU S5K:jS£IJItt&fr&3#Hk Ge% 
mxtfco CHT, s ifeJ:tfGe*$tr*«ftafi 30 
©fcl^lWS&fcfBfiKLfcfL Ge©08ft3&#jkU S 
i H< ©#£m£*3iALTlf! 1 j&itfJ: t)^tt«Wiao 
ffi^*2«M**j*Lfc. £ff"3 5 0 iimm&<Dmi£<D 
'FWWM^***** nlGa NJWitfcfHKLfc. * 
©ft, ffi*fcJ:»)fS&nfcG aNg*S£MOC VDgH 
£a»AU ^SfilM3 t|3iai*c % Ga&igffilUfcxe** 
*>+;K«S*fiV\ NKflfiBfcnSmragtfUT, U 
-If *?*fls« L fco G a N g&©!g 1 fR« 2: S 2 

[00 89] C©±3£UTff5nfcU--y*?©BMi 40 

vs^cnnmttAu:. «n^n s vstt. 1. o 

k A/cm ? @fii:l,'>-5{gVMlT'&ofcc C©<k3H:n 
IPFfcfi^t LT S i f£lfT*%:<. G e &<£fflT*t3 C 

T> HC 1 **XfC#$n*0»^PSL^t), G aNfig 
fi+fc^#X*^LTM*£0£#A-r.5ci:#T*£ 

[0 0 9 0] HSSPJ8 

*^Sg0>JT'«, G a N$gffi£#?|£x (M 50 
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B E) ffilcfc NIKFiHiBfcg*., *©±»C nIM*&# 

BKbfco ^mmmiczzu— vmwmkz&z 4 tan 

to Ga Ng*52 4 0 2©— 7b"©±a2 4 0 2 A±£p 

mw.M2 4 o i jwaatstvcv*. pmmm 2 4 0 1 1 

g-r*±ffi2 4 02AttGa&4ig®T&£o GaNSI 
2 4 0 2©ffc£©£®±Kfci > plGaN!2 4 03, 
p^Alo.. Ga... N^77KI2 4 0 4> plGaN 

%m ks 2 4 0 5, &n.m?#p<D$mm 2 4 0 6, 

nlA 1« Ga,. + V 77a y 2 4 0 7 , n 
SGaN^VKl2 4 0 8, niAU, Gam. 
77K12 4 0 9, nSGaNn>^^bjl2 4 1 0, 
feilf nSMffi2 4 1 1 »MSnt^5, G a N 
^Hf*iOi±imnSGaN3^^M2 4 
1 0{±, NJ&4$ffi2 4 1 0 ASrWLTfcD, ^-©±{Cn 
SM®2 4 1 1 jWftjMFftTV**. «~F, C©¥*{*b 

[0091] $1% HSisflJ i 8fc#Lfc (o o 

0 1) m*%TZ>V7T-(7mfo±^ MOCVDffifC 
«t t? 3 fim©J¥£©7yK-7G aNI*«IH, : €" 

©±£ x k 7&(D&gmm*&a.* % 0 &^x\ 

■7~GaNTtmZ%?ZV77'C7mtil*. H-VPE 

gmmmAtZo Nz**v7tfztNH,%, 

tl5 L/m i nifcLftjtf 6, &&<DWL&*ffa 1 0 50t 
*T*HSS*S. S«±»tG a Cl^lOOc 

c/m i niALTG a N««©j*g£|Nte6-r5. G a 
C I lt8 5 OXfcft&ZtircG a&MfcHC 1 ^X^jjft 

t^T'frSo GaN©<afi*Mi&-r5i:ra«flc, Cp 2 
Mg^90nmo l/m i nil&LT> MgK-^Ga 
NM (Mg?m*m&: 9. 5X10" cm" 3 ) 
£-ti\ W3^|IBOj«fiT3 5 0/imOGa NAP:M%^ 
5c ^©<t'5^^S^ftT*0<ofcG a N©«^ffi(iG 
a&3ffiiffiT-&3c 

[0 0 9 2] figS^, W*»C«kt)-9-7r-l'7lS«. MO 
CVDafC < k57yK-7 P GaNll, S 1 Oi«*|»* 
U N»«fiffi^ffl5STW*bT, GaNS|g£f#5,c 
ff6nfc»«±K:, tXT<Dt*i»), MOCVDffifCio 

SSrt^JIAL, Nj^NHj^r^-n^ns L/m i ngft 

b^^a i o 5 oic$T*^s-r-5c aatf±tffta** 

U7**X^:N2^6H 2 tC^xT, TMG%100/tmo 
l/m in, CpiMg^lOnmol/minWAL 
T, pSGaN**4/imJ«fi*-a-«. %<D'&, TMG 
<DjjitM^:5 0/1 mo 1 /m i ntllL, TMA?40 
limol/minSALT, plAlt .Gaa. 
•yKg^O. 5/im<D/S$T*fiicg$-li-5c A U. Ga 
a, N<OiI^7t5t, TMA£D«if&^f?±t, T 
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MG^trl OOfimo 1 /m i n tcpl! Lt, pfGaN 
#*VKJI*0. 1 Mm©JP5C43J:$»«:j«SS-£ 

3, TMGx CpiMgO«a&*ff±LT, * 
+ 'J7A"X^H 2 ^5>N 2 (cSt>^^.T, 7 0 0*Cf:?-p$ 
fit, -ry^^AH^T'fe^hU^^^y^^A (T 
MI) %10)imol/min, TMG£l5/imol 
/mi niXU InaosGao.* N<fct>&5 4 nmjp 
0»g«*rilfi$** 0 ^©m. TMI«M50 
(imo 1 /m i ntCttiPU I no G a as Nil3*5 

2 nmm<D#pmzf8.&mzo nwm&-e?i\- 3 10 
t^tf4«o»a»3w^fi , r«j:da^fiji?#p cm 

QW) (Df&tmZfS&tltZo MQWO^fiA^T-T* 
i:, TMI*±tfTMG©fl8S*#lfcl,T» Htfl0 5 
0 V 7#7>*UXf N* fr£H 2 Kft* 
Tx TMG%5 0 /imo 1 /m i ru TMA^3 0 jim 
ol/miru nIH-ey^T£5S i H,^ 3 
nmo 1/mi niU 2 0nmg©nlA Ga 

'y^»oi«fi««»7-r*fc, TMA©«ae*ff±u t 20 

M G 1 0 0 /i m o 1 /m i n (Cfflfi t T> 

0. 1 /i m<2JP£<Dn§m a NfttfV KJf 
5. TMG<D^?r5 0/imo 1 /m i nlcM 

1EU TMA440/jraol/miniAU 0. 4 /i 
mJf£>n£lA l„.i Gau N*7f FlSfSSJ^ « 
ftlc, TMG©$fS%l 0 0/imo 1/m i ntcfSBL 
T> TMAOflttM&fPjkU 0. 1/imlOniGaN 

£&7f5o <£gtf&7-f5£> TMCi5«ktfS iH, 
0«te*#jkLTSIiBU SfiTS«*MOCVDi6B' 30 

[0 09 3] GaN»K*MBES»C#AU 
Sfi©iaa*6 0 0t:$T-±tf-5o N®t45SSK 

(RF) ilgN 2 ^XV(Daj^^3 5 0W. ffiffl£3 
cc/mintU <1 1-2 0>^fo]<DRHE EDM 
^-ytfXMJ-^tffc&SJ:-?^ G a-b;l/igS (9 

i ot;mi&) , *s±tf s i ■trrt'fififcSHrr*. 

Tx N/G ai££AcK L> N'J-y^ftt'GaNOl 
fi^ffV\ N»iSfiB%W-r5S i F-rGaNl^S 

RHE EDflflfCj;'), 3 0 OX&LtX' 1 x 1 40 
^*-y**U ^n#, 2 5 X 3;^- 

x 2 o or t* 6 x 6'^-yicmt?t\if. aeeh 

WiFLfcGaNSfiOT*ffi*S6fc:W*UT» Ga$? 
[0 0 9 4] £<D£ofcLT®P>tltcls— !fft7li, 

4. 8 vnm&mmmEZGLrco &<lx. wstm 

X>i>, *%^fcJ;0G aNflONgifflLkfcnSMS* 50 
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7<D 6 0 %W±A' : NJg7T^5 N«»c n 
$1" 3 £: fc <}; 3 S**#Sft T v * 5 c 
[0 0 9 5] ftt>*)lC s H-VPE&, MOCVDS. 
3 WJMBEfcfc «}:»), Sffi©g<L *tv7Tm<D7 

[0 0 9 6] 02 5 It, *58WtCffiffl-r*IS«*<0»* 

U^W*aflK±, glffittft (1 x l o" cm 
&± 1 x 1 0 2 ' c m" 3 1UT) T*«o COKHr, ffi 

( 1 x 1 o" c m" 3 JU± 1 X 1 0 19 cm" 3 J-UT) 

1-5^aft¥T*^5o 0 8£#5£, $11B#4>TOG%B 
SlxiO !1 cm" 3 WTTB^JcBlfflWSitffiSAMSWt 
T^SfcO©, ft2«8©*«ftiftft-r!B:te5 lxio 
" c m" 3 fitTTfetitf « 6fCH»I8fE«^(tt< ftot 

^s. 02 5ic7r,tmim®tmi immt, mi mm 

{±3 x l o" c m" 3 tt± 1 x l 0 2 ' c m" 3 WT% ft I I 
ffittfi 1 x l o" c m 3 a±3 x 1 O" c m" 3 VXT<D^ 

mt, y^mamm&m i m&ic&zm 1 <o^tw 

£ ttffi-Z LV>„ ft l ©ffiHi NiRiSffii&JBfig-f * c i: 

m^fctx a^tm^(Drc axo*. m $ * > + >imzBf$, 

S*5ftiog|5^i:ft2 ©gp^ i tc&t 5 a^fe J: tf m 

mc-o^xmwtz. 

[o o 9 7] 0 1 oicKttmtommtmmttmt® 
mx&mrst* whuimwix i o" cm 3 oi; 

SSttJtfilotf 1 x l 0 5 Q • cm ! t4D« ^?>(C^ 
SfiftSJS^3 xio" cm" 3 W±Jcft*i:8«dtaiW 
*U5 X 1 0" 7 ~1 X 1 0^ Q • cm 2 3:T'{g<&^T^ 

m&m?5£. ^MlitAMx l o" cm" 3 W±T- 

tiHfflWEtcgfb^sn-f. ^F«»aK3a« 1 x 1 o" 

cm" 3 T't3 x l o" cm" 3 T-tKffi*ffi{±(J £A,Em 
CT'So/co OSD, 01 O-ejE&nfcSJSJtfitaOffi 
0 7©g§ffl«ff(c(iS^n&A^^i:^A 

E) i:OMfc*lffl4/S«j*«i«Lffi«jiUfc«tt*»*fc 
1^HWS*3x l o" cm" 3 OLttCtZZttfi 
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#su^ (no), -73, m\tm*mwm®.-kmz%> 
^xwrnv^wfa (3xio" cm" 3 «±) ^Aa-r 

n& e>fts„ 3x10" cm 

" 3 ^^«»*a{b»¥»(*sscaaiirt-si: % 08 

a^5xio" cm" 3 zximmmmmmm 1 kA/ 

c m 2 ^RWfciftBff lxio" cm" 3 lU±fc 

itzz.mmnffimtfmx.Ltihiibzcttfttfrz (09© 10 
[009 8] *?§^#^{i, co^u^/vs, mtm* 

£"f £fg 1 ©St, ^<D±(C^?«jg^«fi)c-r^tm 2 

m<D¥-m-mamm&<o safe m\<Dm<o 20 

¥^«&eti3 x lo"c m" 3 U±£?ZC ttfX 

mmim^i)\ mso&mfrzmMtzt, 3x10" 

cm" 3 ~1 x 1 O 2 ' cm" 3 ##3:L<, 3 X 1 o" cm 
3 ~! X 1 0" cm" 3 &£r>tff£L\,\ !g 2 <DJI©¥i3 
^ftita«3 X 1 0" cm" 3 UTt-rZCttfX'Z 

ttttftii^, 07*3<tt>*08<7)is^5«aii-r§i:, i 

X 1 o" cm' 3 ~3X 1 0" cm" 3 *WSLl/\ 

r\ y-^mvammit, h^m\zm^nrt^mmm& 30 

<li, Sfb^WttSSfcfcl^T, Sf!2©Jlti, Hi© 

[0 0 9 9] ±MW, \ <Dm<r>W-ZlZ. 0. 0 5(i mlll: 
5 0 iim&CfttZC ttfTt, &£L<li0. 0 5 /i 
mULt 1 0 /imtTFT-£5o HI 1 <DS©ff 0. 0 

-73, H 1 ©)!©/¥£# 5 0/im«fc (7 ^ 

^^*n?nrc*t;:<fc5g0Dffi$3b^t<*5 (0 9 40 
fi«^a©ii^{SL?#5 (08» o mi<om<D 

/15%5 0/tmWT»$L<{il 0 /i m&LTlCtZ d t 

[o i oo] *mfiicts^T. nmTmmat. si, 

0.CI.S, Se, Zfc&T e*$f$LL<m?1t 
5c IflCS i, OSfctiC l*m^5t, ngg{bft¥ 

mmtt>\ mitmmwmmcmimtQ2t\xt>mt> so 
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fcfel/>T3 x l o" c m" 3 W± 1 x 1 0 21 c m" 3 WT, 
»* t< «3 x l o' 8 c m" 3 JU_h 1 x l o' 9 c m" 3 &L 
T, mzomiC&^T 1 x l o" cm" 3 «±3 x 1 o'" 

cm' 3 ticFttzcttfT-zzo wt, mmmiczo* 
[oioi] mmm9 

(V— «f^*-F*?) «, nill3 0 0 U 
gfb»¥«{*S« (tfljxtf G a NS8Q 3 00 2, nS 
G a N/13 0 0 3, nlAki G a 0.9 N*77Hi3 
0 0 4, nfGaNWKl3005, ZMMttP 
0 0 pSAlo. 2 Gaa. N + +U7^u 
'^1300 7, pSGaNft73VKJl3 0 0 8, pH 
AI0.1 Gao. 9 N^vy Kif 3 00 9, plGaN^y 

KS3 0 1 0, *5<fctfpSM3 0 1 l*>&«|fig? 
tl^o S*g3 0 0 2ti > «K-!/GaNjf3 00 2 a 

(^■o^F^ifiiftaaieHttBi 2 5 tootm 1 hbwk* 

5) K-7G a NS 3 0 0 2 b &<D¥2pm 

5o nill3 OOlti, S1S3 0 0 2©N*|3$fil3 0 

o 2 k±izm^nx^5o ¥*fFmsm&it* mmm 
icmuznttmwm&iDWazztDmmxwHrcmx* 

[0102] *mmmo#mt, mm^m&wtsLs o 

02*«jSL-tVSiSK-7GaNJl3 00 2 afcffiK 
-7G a Nil 3 0 0 2 b ©WF*fi$ja8f#, ^n-Tn 
B2 5fc^-rffiiSB8i:£i iW^ILTt^ct 
nlMtttftt K-7G a Nil 3 0 0 2 aONl^W3 0 

o 2 a£»ltv*c t. *&xmf&&wmmtY- 

7°G a NS 3 0 0 2 b fC^LTI/^ C tX$>& 0 
[0 10 3] 3 x l o" cm" 3 fiLtCT^Mft*** 
*Tf *W K-^G aN!3002aa, +^4*^4^ 
^Jgfig-r^Ci^Tt, ^©SSH, HSK-^GaNJi 

3 0 0 2 a n^«® 3 0 0 1 t<Dm<DmMitm.mi'\>> 

$<45c -73, 3X l o" cm" UTOT^tllHI 
Jt**rrSffiK-7G 3N13002 b±{Cf§^^?itg 

[0 10 4] *SlttWfc:J:SU— «f^{i, SQtflfli- 
8©Hffl (WAfcf, Hffl«ffi5V, Hfit^mS 1 . 2 
kA/cm') J:t)t^&tffi^B8flimSit^S (0. 8 
kA/cm 2 ) 43«tffffiV>Hffl«E (4. 4 V) 

[0 10 5] HSfgfiBJl 0 
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t&isztfDffi&m&o niii (0/^#ss) t±, Am 

co 1 0 6] cvmmit&va^mwMfozm^rzmem 
co 1 07] mmmi i 

itLx^zmmitsw^mwmmmbtcumt. m io 

mmm^mmmmt, 025 t^-rii 1 1 mmc& 
%>° 20 
co 1 0 8] c<omm\t%m*mfrmfa*m^rcmm 

CO 1 0 9] ^»Jl 2 

Ti^iitJ^Wi, HSS«?iJ9i:lRHiT'fe5o 02 9ti, 
^Jgfi!ct5ffi<l!lA^> A1HB, Bffli, C1MK, DSi$ 
DlH«©^«i1WMlEtt> 025 {C^-rm I ffittKR 

*f fg 1 1 si«fcK3-r*o 

CO 1 10] Ai£tt£Blgig©lijP©^tt5 0pnr? 

rczto -s, cm® (mm30nm, ^i&me&zy. 

1 0" cm' 1 ), Dm& <Mm20 t im, 40 

x 1 o" cm" 3 ) 43±tfEia« 0 ftm, 

llS 1 x l o" cm" 3 ) *fcfc#fc»#©JF£*M1tti 

2X 1 o" cm" 3 tMatSCt^T'tSo C©tttt, 

H2 5t^-rai i««tji-rs. *klt, cue 
««6«fi*fla* t, fc & -To 

Co i i i] c©Mfcft«Mf**{m*J&t*fc£)« 
£fc099 i:H«©j»**fcfc&l,fc. 

co 1 12] ±j&Ltz£.oiz, mmi^mwm^to. n 50 
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sMSfcsrrssn ©««£* m?ffimiz&-?z>m2<D 

«kv\ » 1 <D««o¥^ttft«S««3 x 1 o' 8 
c m 3 W±T3&tlfcf, IB 1 ©M^©* T*3 x 1 o' ! cm 

3 & Q&\i<*wm&tt*zwmtt\,x*>z\t\ 

£2©ft8©¥£7ffi»ffl&ft<3x l o"cm 
3 «TT**ltf» S52©ffl*©«tn?3 x 10" cm' 3 <t 

U J£Bt9tf5 0 pmfiTFTSD* fro^P^ttftME 
#02 5{c^-rm I fS4E(cjR-r^li«»^ Jg^JtSia^ 

SteW*-*«»©fH^*£tHt:fcjB«EHU 
WUWH 2 5 ic^tm I I M4Rlc||'r«1tWa, Hit 

C 0 1 1 3 ] «±©£ft0IJ 1 -USSfiRJ 1 2 K J: ») , 

J±g^ ffivftft*E, Sffiifr£©(6»l«:#$f»fcfe© 
CO l 1 4] 

¥SW**?x &KG a NlMbM¥llf(cR)tiK7«#ff 

can (a) *5±t/ (b) it, mtfcmuas^Ttt 

C02] (a) feitf (b) fi, JtttW 1 fcfcl,*Tfls 

C03] GaNS«©N^«ffi$fcttGai^SSS5fC|| 

C04] GaNlfiONMSCllJnftnUt 

C0 5] G aNltoG a^SffifC^^nfcnSm 

C06] GaNffil*j«*S^SIB©S i H,^* 

C07] g a nms.fp<o^mm&t. mc a nss 

C08] G a tim&'P<D*msm&t* MG a Ngffi 
C09] G a NSfiff V^VmW&t, mG a NS« 
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[010] G a NS«ff>©TOMtJ»S£, nlll€ 
[01 1] (a) feitf (b) (4, HJfiff03fC*^f 

[012] (a) fc«fctf (b) tt, itt£M2fc:}3^T 

[01 3] (a) fcitf (b) fi, ^SE0U4T-MfflL 
/&GaNSfiO««0rilBI> feitfiKISK^O^ttWi 
S7*p 7 7 << )\s*7T<t 0T& 5 0 

[014] H«l«l4T?ffifflLfe*)5-OOGaNlS« 

[015] mmm a xmm ucioGaN £&<d«r& 

f 0T*&5 O 

[016] mmm 4 r-Mffl u;d©GaN 

■T0T-fe5o 

[017] USSflJ 4 TMffl LfcffiO G a Ng«©«§ 

KS0, *3j:a r Matgffo ; fMftaja7 p P7r-r^^ 
[018] mmm 4 t-m^ u/cffio g a Ni^m 
*0T'&3„ 

[019] MMM 5 "Cffiffl t tc G a N SSdMUlSKS 

[0 2 0] *»W5-efi8BLfcfc$-"3©GaNS« 

';l/^^-T0T-fe§ o 
[021] USSP 5 T'Mffl L ftffl© G a N S&Dftlg 
£r®0. fe<fc tfflSMfiif ©^W*aWE7'n 7 r -f;l>£^ 
■T0-efe5„ 

[022] 5 T*{£ffl L fcffi© G a N 

»t®0, &£vmmmtp<D^i&yBmm7ny 7^)1*7* 

■f0T&5o 

[02 3] «SS© (0 0 0 1) ffi±K/£gL£G a 
N©G a»«ffii:N»4gi50BB«%^"r«ISH-eft5o 

[024] mstm8tc^rfmitiit \s—*fm?<o 

[025] *zmKmmztizmwitp<D*m ! fo®&& 

[026] ^fiswi 9 vmmibsvii^mwimmttm 

[027] usifiai 1 0 vmmztircmmitetto^mt* 

[028] ^Mfirij 1 1 -cgm snfcs*{b£iMmtt 
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[029] USSflflJ 1 2 T<£fflSttfca*{fc&fc¥*f* 

101 nifg. 102 GaNStg, 102A N 
ttWBB« 103 n£!GaNA 104 nlAUi 
Gao.9 N*5-yKA 105 nlGaNWK 

a, i o 6 ^nm^vmnwm. 107 p sa 1 

a 2 G a u.s N**V77uytrm. 108 pSGaN 
ft#-fl?A 109 plAUi Gao. 9 N*5f F 
^110 pSG a NPy^^ hJl s iii p $jg 
I, 20 1 n§k J «@, 2 0 2 GaNStg, 2 02 A 
Ga&Sffi, 2 0 3 nSGaNA 20 4 niA 
U. Gao. 9 N^7 7KI, 2 0 5 nlGaNW 

fa 206 zmmttpowm. 207 p sa 

1 oli Gao.8 N*t , J77*n7^I, 2 08 pSGa 
Nft^V FA 2 0 9 p^'A 1 o! G ao.9 N*7? K 
A 2 10 pSGaNn^^M, 211 pS* 
A 3 0 1 nim 3 0 2 G a N&tiu 10 0 1 

nStl, 1 0 0 2 GaNUE, 1 00 2 A NS^ 
WA 1 0 0 2 a S i «K-7 P G a NA 1 0 0 2 b 

S i H— 7G a Nl, 1 00 3 nSGaNE 10 

0 4 nlAU. Gau N^yKl, 1 00 5 n 
iGa Nft#-r FA 1 0 0 6 £fi»?#F<Q?gft 
A 100 7 pSAlu Gau N++U77p^^ 
A 1 00 8 p§k J G aNfttf-TFA 1 009 p^ 
Alo., Gao.9 N*5yKl, 10 10 piGaNa 
>*7MK 10 11 pSMA 1101 nlf 
A 1102 GaNStg, 11 02 A N^ffiffi, 1 

102 a SiF-7GaNA 1102b SiiSF 
-7GaNA 1103 nSGaNA 1104 n 
IAU, Gao.9 N^77Fi, 1105 nlGaN 

%im fa. 1106 ^fi»?#p©^e, 1 1 o 

7 p^AK* Gau N++U77P-y^A 110 

8 pSGaNWKI, 1109 pgAla. G 
au N^77Fi, 1110 pSGaNny^n 

a. 1111 pmnm. 1302 »#£irhc*«» 
aa^a^-rs g a ns« % 1 3 0 2 a nh» 1 

4 02 GaNlfi, 1 4 0 2 A 14 02 

a ^ItlSitt-gOG a Ni, 1 4 0 2 b JP#£fn] 
fc^ftAfttfjfcH-* G a Nl> 1402c ^fflfa 
i&S-£©CaNA 1 5 02 GaNlE 1502 
A 1 5 0 2 a 

'>-f 3 G a N A 1 5 0 2 b ^«1WiS-£©G a N 
A 1 5 0 2 c WH1ifa\£*mmMm/3rt* G a 
N A l 6 0 2 G a l 6 0 2 A NfgWft 

1 602 a ^ttftAS— 3£OG a NA l 602 b 
If *1fat&WNm&#&Pt* GaNi, 1602c 

^ttlWMM&DGaNA 1 7 0 2 GaNlfc 
1 7 02 A NfgtfiSk 1 8 0 2 G a NS£, 180 
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2 A N«i, 1 9 0 2 G a Ngfc 1 9 0 2 A 
N^4$®, 1 9 0 2 a S iS F-7G a NJi, 1 9 0 
2b Si F-7GaNI, 1 9 0 2 c SiiSF-7 
G a Njf, 1 9 0 2 d Si F— 7G a Njf, 19 0 2 
e S iigF-^G aNi. 2 00 2 G a NSfi, 2 

00 2 A Nftlgffi, 2002a, 2002 b, 200 
2c, 2002d, 2002e ^Rttigjg— G a 
NS, 2 10 2 G a NSflu 2 1 0 2 A N^ffi, 
2102a, 2 102b, 2102c. 2102d, 2 

1 0 2 e ^*fi««fi-«©G a Njf, 2 2 0 2 G a 
N£fc 2 2 0 2 A N&ffia; 2 2 0 2 a ^MfejgS 
-£<DGaNJl, 2 2 02 b TOfiftftfi F-7G a N 
A, 2 2 0 2 c *M1%a£-J&I>G a Njf, 2 2 0 2 
d K-r G aNI, 2 2 0 2 e ^Fi&G^jlg- 
SOGaNl, 2 3 0 1 2 30 2 a*7 7 7 
jf, 2 30 3 G a NIS> 2 3 0 3 a GaM 

2 3 03 b Nfgflflfffi, 2 3 0 4 GaSf> 2 3 0 5 

Nig?, 2401 pmnm, 2402 GaNi * 
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*«» 2 4 0 2 A ±®, 2 4 03 pSG.aNf, 2 4 
0 4 plAUi Ga«> N^7 7FI, 2 4 0 5 p 

mcaN^e^ym. 2406 ^m&i-^^mt 

S^ 2 4 0 7 n!Al« G aos N*+'J7^n7^ 
Jf. 2 4 0 8 nSGaN^KI, 2 4 09 ngj 
Al.i Ga» 9 N*77HI, 24 10 nfGaNa 
y^thm. 24 1 OA N«I, 24 1 lnSl 
& 3 00 1 nSWS, 3 00 2 m(t¥^m#WR 
mz-tiG aNlS) , 3 00 3 nSGaNE 3 0 
10 0 4 nlAki Gaa 9 N^^^FS, 3 00 5 n 
SGaNfttf-TFjf, 30 0 6 £g»?#F©?§ft 
Jf* 3 00 7 pSAU 2 Gaa. N+t'JT^n-yf 
Jf, 3 00 8 pSGaNfttfVFjf, 3 009 pS! 
AU. Gaa» Ntr^yVm. 30 10 pSGaNn 

yztvm. 3011 p§y«& 3 002 a nm^ 

I> 3 002 a ffi F-^G a Nf, 3 0 0 2 b fi F 
—~fG a Njf„ 
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